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Abstract 
Dry machining tests on AISI 1040 steel using tungsten carbide inserts at various machining conditions are conducted to study the 
chip-tool interactions emphasizing on locating and characterization of various wear zones on the rake face of inserts. The edge 
chipping and crater wear zones are located and quantified for all the possible cases of chip tool interactions with different 
combinations of machining parameters. The generated data will enable the researchers and tool manufactures to contemplate on the 
specific wear zones rather than the complete rake face envisaging reducing the cost of production by having localised banded 
coated tools. 
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1. Introduction 
In order to achieve satisfactory tool existence in 
modern production conditions, the research does not aim 
only to increase tool cutting characteristics in high 
temperatures in order to examine resistance to increased 
temperature and wearing. With simultaneously 
increasing feed rate, and speed of the deformation, the 
forces, heat generation and consequently the temperature 
at the contact zone are increased. [1,2]. Generally, at 
(low) cutting speeds the abrasive and adhesive wear 
mechanisms are predominant [3]. However, at high 
machining speeds the diffusion and oxidation 
phenomenon have a dominant role in tool wear. 
Kopaþ et al [4] emphasized that the cutting at low 
temperatures results in high pressure welding on the 
cutting edge and with the increased cutting temperatures 
results in oxidation of the tool surface. 
 A transparent sapphire cutting tool is used to study 
the frictional interactions occurring at the chip-tool 
interface [5]. This construed that there is a relative 
movement at the chip-tool interface with a little or no 
adhesive transfer of chip material in this region. In hard 
machining with ceramic tools, micro abrasion and 
oxidation is observed [6]. A model was developed which 
has showed that cutting speed and depth of cut have 
major influence on the variation of chip tool interface 
[7]. Hence, the performance of the tool is influenced by 
cutting parameters, workpiece and tool material in terms 
of nose wear, flank wear, edge chippings, crater wear or 
their combination. Commercially available coated tools 
are provided with different hard material coatings on the 
entire rake face without considering the actual chip flow 
pattern.  
To improve coating performances, multilayered 
systems, which are the so-called third generation coating 
systems [8] containing multiple layers of thickness in the 
micrometer and nanometre range, are created [9,10]. A 
cutting tool with a banded textured surface was 
developed, and a series of face-milling experiments for 
aluminium alloys showed that the textured surface 
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significantly improves the anti-adhesive and anti-
frictional properties [11]. The performance of textured 
cutting tools with lubrication in machining mild steel is 
presented [12] and it was found that textured cutting 
tools produce coiled chips and reduce friction force by 
about 20% and chip-tool contact length by about 17%. 
A tribological coating composite is primarily 
designed to offer two types of functions [13] viz. Low 
friction behaviour (including low, high or just stable 
friction level) & a high wear resistance. A tribological 
coating can fail prematurely due to detachment, 
delaminating, cracking and/or spalling of the coating 
material [14]. As depicted in Figure 1, the extent of wear 
phenomena on the rake face is limited to a few hundred 
microns only and despite the fact tools are coated over 
the entire rake face. Though multi layered coatings have 
proved their existence on the rake face, detachment/ 
delaminating problems at elevated stresses and 
temperatures are the limiting factors for them.  
 
  
Figure 1: Edge chipping Crater wear 
With an initiative that the localized coatings on the rake 
face taking into account the actual chip tool interactions 
will have a cost effective machining process, the present 
work makes an attempt to examine the chip contact area 
on the rake face to characterize and locate the wear zone 
on the rake face of cemented carbide tools.  
2. Design of machining experiments using Taguchi 
method 
Several data mining techniques have been used to 
develop empirical models for the selection of machining 
variables in various machining processes [14-19]. In 
Taguchi methodology, a minimum number of 
experimental trials are sufficient for a reliable global 
examination of the variable interdependency when 
compared with the general experiment approach and 
interpretation which involves more experiments. In this 
work, because of the functional advantages, Taguchi 
method has been used for the design of experiments. 
Three machining variables (rotational speed, depth of 
cut and the feed rate) at five different levels have been 
considered. (Table1). 
3. Experimental procedure  
To analyze and characterize the wear zone on the rake 
face, a set of 32 experiments are planned and have been 
categorized into three groups i.e. LOW, MEDIUM and 
HIGH machining conditions based on the range of 
speed, feed and depth of cut. Details regarding the 
categorization are given in the Tables 2-4.  
 Table 1: Details of the process variables 
Factors/
Levels 
Speed 
(r.p.m) 
Feed Rate (f) 
(mm/min) 
Depth of cut 
(mm) 
1 112 0.045 0.5 
2 180 0.063 1 
3 280 0.9 1.5 
4 450 0.125 2 
5 720 0.16 2.5 
Table 2: Low machining conditions 
S. No. Code Speed 
rpm 
Feed 
Mm/min 
Depth of 
cut mm 
1 L (1,32) 112 0.045 0.5 
2 L (3,30) 112 0.045 1.5 
3 L (2,31) 112 0.09 0.5 
4 L (4,29) 112 0.09 1.5 
5 L 25 180 0.063 1.0 
6 L 6 180 0.063 2.0 
7 L 27 180 0.063 2.5 
8 L 26 180 0.125 1.0 
Table 3: Medium machining conditions 
S. 
No: Code 
Speed  
rpm 
Feed 
Mm/min. 
Depth of 
cut (mm) 
1 M 5 180 0.125 2.5 
2 M 7 180 0.160 1.0 
3 M 28 180 0.160 2.0 
4 M 8 180 0.63 1.0 
5 M (9,24) 280 0.045 0.5 
6 M (11,22) 280 0.045 1.5 
7 M (10,21) 280 0.09 0.5 
8 M (12,23) 280 0.09 1.5 
Table 4: High machining conditions 
S. No: Code Speed  
rpm 
Feed  
mm/min. 
Depth of cut 
mm 
1 H 16 450 0.063 1.0 
2 H 14 450 0.063 2.5 
3 H 13 450 0.125 2.0 
4 H 15 450 0.16 1.0 
5 H 17 710 0.063 1.0 
6 H 19 710 0.063 2.0 
7 H 18 710 0.09 1.5 
8 H 20 710 0.16 2.5 
 
Machining experiments have been conducted on AISI 
1040 steel using un-coated plain WC tools under “dry 
machining” conditions. The tests are carried on an all 
geared lathe (Kirloskar make) and the length of work 
piece has been maintained at 400 mm for all 
experiments. After every single pass of cutting for the 
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entire length of the job, the wear patterns on the rake 
face of the tool are examined and recorded using digital 
image analyzer. For all the 32 experiments conducted, 
the digital images revealing the wear patterns are 
recorded. Auto CAD drawings are developed based on 
the data obtained from the digital images captured from 
image analyser for the wear location patterns observed 
for each of test condition (low, medium and high). 
4. Methodology to study and quantify the wear zones 
To analyze the wear on the rake face, it has been 
identified by two ways i.e. edge chipping and crater 
wear. Though the edge chipping and crater wear occurs 
simultaneously depending on the different machining 
conditions, the study and analysis of rake face with 
regard to both the types of wear phenomena has been 
carried out independently [20].  
The current study is carried out with a presumption that 
wear on the rake face to an extent of 800 microns from 
the cutting edge is identified as edge chipping and 
beyond that is declared as crater wear. The chipping 
phenomenon in each of low, medium and high 
machining conditions has been studied and quantified in 
terms of location and affected area. To visualize the 
chipping phenomena with reference to the cutting edges, 
the affected areas are identified by capturing several 
digital images using image analyzer and the boundaries 
of the wear zones are plotted for each of the machining 
conditions. 
The plots so obtained are superimposed to generate an 
overall plot representing all the machining conditions. 
Similar procedure has been adopted to create the plots to 
visualize crater wear under similar machining 
conditions. Further, to study the combined chipping and 
crater wear phenomena, the plots obtained in both the 
cases are further superimposed. 
 
 
Figure 2: Rake face characterization 
To locate and visualize the edge chipping and crater 
wear zones, the side and end cutting edges have been 
chosen as datum lines along the X and Y directions 
respectively. The edge chipping and crater wear location 
data is tabulated by measuring the pre and post 
machining distances with the help of the micron grid 
scale available in the image analyzer. Diagonal 
separation method has been used for functional 
convenience to locate and measure the wear zones [21]. 
The total rake face is divided diagonally enabling easy 
measurement and quantification of the wear. As 
discussed earlier, though edge chipping and crater wear 
occur simultaneously, the respective data is tabulated 
separately for all conditions considered. The Figure 2 
illustrates the diagonal separation method adopted for 
wear measurement. Edge chipping and crater wear 
contours are plotted separately based on the data 
obtained. The combined contour for each of the 
machining condition is developed by superimposing 
them. The same procedure is adopted for the other two 
machining conditions under study viz. Medium and 
High. 
5. Results and discussion 
5.1.  Low machining conditions 
The microscopic images of edge chipping and crater 
wear captured by the image analyzer are shown in 
Figure 3 and Figure 4 respectively. For characterization 
of wear zone, these images have been studied and 
analyzed for locating the zones of ‘edge chipping’ and 
‘crater wear of the rake face. The damaged areas on 
those locations are measured and visualized using the 
superimposed CAD drawings. A CAD drawing of 
consolidated edge chipping and crater wear zone with 
low machining conditions (Figure 5) shows that the 
average area of the crater wear is about 2.65 mm2. 
 
 
Figure 3: Images of nose chipping under low machining conditions 
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5.2.  Medium and high machining conditions 
Under medium machining conditions, it is observed that 
both edge chipping and crater wear slightly have 
increased as compared with the once under low 
machining conditions. It is observed that the chip travel 
length on the rake face has increased by 14.15%. The 
average area of the crater wear is measured to be 2.325 
mm
2 which is less by 12.27% when compared with low 
machining conditions. 
 
 
Figure 4: images of crater under low machining conditions 
 
Figure 5: CAD drawings of crater wear zone at low machining  
High machining conditions resulted in a completely 
new chip flow path. From the CAD drawings of the 
cutting tool corresponding to high machining conditions 
it is observed that the edge chipping zone is spread over 
a distance of up to 358 microns. The chipping area is 
found to be less by 46.5% as compared with low 
machining conditions. Further, the average crater wear 
area is found to be 2.25 mm2
 
which is 15.09% less when 
compared with that under low machining conditions. 
 
 
 
Figure 6: CAD drawings of rake face under low machining conditions 
The analysis and characterization of the wear zones 
on the rake face with combined edge chipping and crater 
wear has been carried out by overlapping the plots. 
Figure 6 shows the final outcome with regard to the 
characterization of the rake face. These contours shown 
are the smoothened versions of the plots for low, 
medium and high machining conditions respectively. 
Distances measured along various zones of the rake face 
under low, medium and high conditions during 
experimentations are presented in Table 5, 6 and 7 
building the data base. 
Table 5: Low machining conditions 
S.No. Z
o
n
e
s 
Edge chip Crater wear 
 
Distance 
from 
Y-Axis  
Pre 
(μm) 
Post 
(μm) 
Pre 
(μm) 
Post 
(μm) 
a 67 68 67 400 
b 67 182 67 520 
c 67 410 67 618 
d 67 478 67 802 
 
Distance 
from 
X-Axis  
e 67 144 67 832 
f 67 212 67 580 
g 67 268 67 283 
h 67 155 67 455 
6. Conclusions 
The wear zones on rake face are characterized to 
represent all the possible cases of wear patterns with 
combined crater wear and chipping of the cutting edge. 
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Side and end cutting edges are taken as datum lines for 
locating the wear zones as shown in Figure 7. The 
arrows indicate the most possible chip flow direction and 
based on the chipping phenomenon near the nose and 
crater wear on the rake face, the respective thrust zones 
(hard and soft) have been shown as in Figure 8 
contemplating the tribological properties required by the 
rake face i.e high wear resistant and low friction.  
Table 6: Medium machining conditions 
S.No. Zo
ne
s 
Edge chip Crater wear 
 
Distance 
from 
Y-Axis  
Pre 
(μm) 
Post 
(μm) 
Pre 
(μm) 
Post 
(μm) 
a 67 130 67 662 
b 67 210 67 435 
c 67 382 67 802 
d 67 401 67 932 
 
Distance 
from 
X-Axis  
e 67 425 67 312 
f 67 268 67 820 
g 67 382 67 936 
h 67 210 67 583 
Table 7: High machining conditions 
S.No. Zones Edge chip Crater wear 
 
Distanc
e from 
Y-Axis 
Pre 
(μm) 
Post 
(μm) 
Before 
(μm) 
After 
(μm) 
a 67 258 67 937 
b 67 312 67 534 
c 67 415 67 932 
d 67 668 67 1069 
Distanc
e from 
X-Axis 
e 67 248 67 401 
f 67 167 67 936 
g 67 185 67 688 
h 67 134 67 802 
 
 
 
Figure 7: Tool template with consolidated chip flow path 
Hard zone visualizes the area where the hardness of 
the tool or its high wear resistance has to play a vital 
role, whereas over the soft zone the frictional properties 
of the tool should be enhanced. Analysis of the 
experimental data revealed that hard zone is located at a 
distance of 200-500 microns from either of the cutting 
edges and the soft zone is located at a distance of 1400 
microns w.r.t. nose giving scope to the tool 
manufacturers to think in the direction of producing the 
coated tool with localized banded coatings with hard and 
soft materials  
 
 
Figure 8: Tool template showing the location for hard and soft coatings 
Authors also propose that different orientations of the 
bands/strips of hard and soft coating zones could be 
tested (as shown in Figure 9) within the estimated 
distances with respect to both the cutting edges as well 
as nose.  
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Proposed orientations of mono layered multi striped coatings 
This concludes that, while incorporating the hard and 
soft coatings over the rake face, tool manufactures can 
concentrate on the identified zones instead of getting the 
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coatings on the entire rake face. The zones identified 
would help the researchers and tool manufacturers to 
decide the area and type of coat (soft, hard or lubricant 
materials) along those specified zones. Further, authors 
also suggests that the problem like delamination   and 
oxidation of the coating that might normally seen in 
coated tools at high machining conditions are taken care 
by having the coatings in the nano grooves cut on the 
rake face with the orientation shown in the figure 9. 
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